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THE  "SHAKING  OUT"  METHOD  FOR  THE  QUANTITATIVE.  ESTIMATION 

OF  ALKALOIDS. 
INTRODUCTION. 

The  "shaking  out"  method  in  alkaloi  "al  assay  is  now  very 
familiar  an  1  widely  use  1.  This  process    lependa  upon  the  fact 
that,  in  general,  alkaloids  themselves  are  soluble  in  organic 
solvents  and  insoluble  in  water  while  their  salts  are  soluble 
in    water  anl  insoluble  in  organic  solvents.     The  alkaloid  is 
either  extracted  from  the  sample  with  dilute  acid  or  with  a 
mixture  of  chloroform,  ether,  alcohol,  and  ammonia  water.  The 
solutions  thus  obtaine 1  contain,  besides  the  alkaloi 1  or  alk- 
aloi is  if  more  than  one  is  present,  essential  oils,  bitter 
principles,  tannins,  etc.  and  the  solution  is  very  often  highly 
colored  with  extractive  matters.  These  substances  are  readily 
soluble  in  organic  solvents  anl  if  not  removed    before  the 
alkaloi  d  is  extractel  they  also  will  be    extracte  1  an  3  cause 
incorrect  results.  There  is  another  very  important  reason  why 
these  materials  must  be  removed  before  extraction.  It  has  long 
been  known  and  easily   lemonstrated  that  the  presence  of  color- 
ing matter,  oils,  colloids,  etc.  cause  an  emulsion  when  the 
solution  is  shaken  with  an  immiscible  solvent.  In  some  cases 
the  emulsion  is  permanent  while  in  others  they  are  more  or  less 
easily  broken  up  by  the  usual  metho  is  of  cooling  the  contents 
of  the  separatory  funnel,  by  the  addition  of  an  electrolyte, 
rotating  the  funnel  gently,  etc.  In  case  of  an  emulsion  with 
ether  an  aliitional  amount  of  the  solvent  generally  breaks  up 
the  emulsion.  The  addition  of  a  few  drops  of  alcohol  or  a 
gentle  rotatory  motion  of  the  liquid  will,  in  most  cases  of 


etlier  emulsions,  cause  separation  to  occur  promptly.  The  tend- 
ency to  form  obstinate  emulsions  is  greater  when  the  aqueous  sol- 
ution is  alkaline  and  is  often  very  troublesome  when  chloroform, 
benzene,  or  petroleum  ether  is  used.  In  such  cases  the  use  of  a 
larger  amount  of  solvent  sometimes  causes  separation,  but,  when 
aimissable,  the  addition  of  a  small  amount  of  ether  is  better. 
In  any  case,  however,   omulsions  are  very  troublesome,  much  time 
is  consumed  in  breaking  them  up,  and  there  is  always  an  increased 
possibility  of  erroneous  results  at  the  end. 

In  most  cases  the  alkaloid  is  separate!  from  the  coloring 
matter,  tannins,  etc.  by  shaking  the  acid  solution  a  few  times 
with  an  immiscible  organic  solvent.  Beal  and  Lewis*'"  pointed  out 
that  in  this  process  several  sources  of  error  are  introduced. 
In  the  first  place,  the  alkalcidal  salt  may  be  slightly  soluble 
in  the  organic  solvent.  There  is  also  the  possibility  of  the 
salt  being  hydrolyeed  by  the  water  present  into  the  free  alkaloid 
an"  the  acid  and  in  this  case  the  free  alkaloid  would  be  realily 
soluble  in  the  solvent    giving  low  results  at  the  end. 

DISCUSSION  OF  THE  PROBLEM. 

The  use  of  lead  acetate  and  leal  sub-acetate  in  alkaloidal 

assay  to  precipitate    coloring  matter,  oolloi  lal  material, 

tannins,  etc.  has  been  known  to  a  limited  extent.  Henry0  suggests 

its  use  in  clarifying  the  aqueous  solution  in  a  general  method 

3 

of  alkaloi  ial  analysis.  The  same  author    recommends  its  use  to 
precipitate  the  tannins  in  the  extraction  of  caffeine  from  tea 
or  coffee.  In  Allen's4  modification  of  the  Stahlschrni  it  »s  method 
for  the  assay  of  caffeine  lead  acetate  and  lead  sub-acetate  are 
used.  Henry3  again  suggests  the  use  of  these  substances  in  the 
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assay  of  morphine.  Barger0  recommends  the  use  of  leal  acetate  in 
assay  of  the  alkaloids  of  gelsemium.  Henry'  in  his  book  on 
Plant  Alkaloids  suggests  its  use  in  the  extraction  of  emetine, 
lycopo'line,  pilijanine,  cytisine,  caf  "eine,  and  several  other 

o 

alkaloids.  Lyons    recommends  the  use  of  lea'  acetate  as  a  clar- 
ifying agent  in  the  extraction  of  Ugitalein,  caffeine,  pilocarp- 
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ine,  and  others.   Oragendorff    made  use  of  it  in  the  precipitation 
of  tannins  and  tannic  acids  an'  in  the  extraction  of  coniine. 
Prescott1^  employed  leal  acetate  in  the  extraction  of  morphine 
and  in  a  few  other  cases. 

The  problem  was  taken  up  with  the  view  of  determining  the 
exact  effect  of  lead  acetate  and  lead  sub-acetate  on  the  ease 
of  extraction  of  alkaloi  is  by  immiscible  solvents.  First,  the 
effect  of  leal  acetate  on  the  pure  alkaloids  was  ietermined 
an  :  then,  as  far  as  time  would  permit,  on  the  assay  of  the 
drugs  and  plants  themselves  for  the  alkaloids. 
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PART  I 
CAFFEINE. 

The  effect  of  leaj  acetate  on  the  extraction  of  caffeine 
was  first  observed.  Pure  anhydrous  caffeine  was    lissolved  in 
¥jo  acetic  acid.  10%  leal  acetate  solution  was  slowly  added. 
There  was  no  no ti cable  reaction.  The  leal  was  precipitated  from 
the  solution  by  hydrogen  sulphide,  filtered,  washed  thoroughly, 
the  filtrate  made  slightly  alkaline  with  iilute  ammonium  hy-r  oxide 
and  extracted  with  five  lOcc  portions  of  chloroform.  After  the 
fifth  shaking  there  was  no  positive  test  for  the  alkaloid  by 
the  murexi  ie  test11.  The  chloroform  solution  was  slowly  distilled 
to  recover  most  of  the  solvent  until  about  15cc  of  the  concen — 
trated  al.kaloi  :al  solution  remained.  This  was  washe  .!  into  a 
weighed  evaporating  iish  with  5cc  of  chloroform  an!  the  solvent 
al lowe i  to  evaporate  spontaneously  in  the  air.  The   ;ish  was 
then  heated  over  a  steam  bath  at  100   legrees  for  about  an  hour. 
This  treatment    completely  dehydrates  the  caffeine"  .  The  Jish 
was  coole  1  and  weighed.  To  'eteriuine  the  effect  of  salting  out 
the  alkaloid  before  extraction    in  determinations  No's  5,  S,  7, 
&  3  of  Table  I  and  in  Table  II  the  solutions  were  half  saturate! 
with  pure  NaCl  before  the  extraction.  Tables  I  &  II  give  the  data 
regarding  the  determi nations  male  with  caffeine. 
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TABLE 

No 
NO 
No 
No 
No 
No 
No 
Ho 


ONE 


7  8  9  10  11 

Treated    Extracted     Grams  Grams 
with  with         taken      recovered  recovered 


  5-50ccCKCl3 


fS.NaCl 
tt 


0.10C0 
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0.1000 
0.10C0 
0.1000 
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0.1000 
0.1000 
0.1000 
0.1000 
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0.1000 
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TWO 
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tt 


0.1000 
0.1000 
0.10C0 
0.10C0 
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0.07S5 
0.0777 
0.0779 
0.0791 
0.0892 
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0.0883 
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77.7 
77.9 
79.1 

89. 2 
87.7 
38.3 
88.6 
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CONCLUSIONS:  From  the  fact  that  the  literature  gives  methods  for 
the  assay  of  caffeine  in  which  lead  acetate  was  used  we   lid  not 
expect  any  harmful  effects  in  the  extraction  of  this  alkaloid 
an;  in  this  respect  the  results  are  what  would  be  expectei.  In 
determinations  No's    5,  6,  7,  &  8,  those  in  which  the  solutions 
were  half  saturated  with  salt,  the  results  were  a  little  bit 
high  although  no  positive  test  for  chlorides  could  be  obtained 
from  the  alkaloi  ial  residue  in  the  evaporating  lish.  Table  II 
shows  the  effect  of  one  extraction  with  ICcc  of  chloroform, 
shaking  in  each  case  for  three  minutes,  in  one  case  of  half 
saturating  the  solution  with  pure  NaCl  an!  in  the  other  case 
without  the  addition  of  salt.  The  cases  in  which  the  salt  was 
used  nearly  10"  more  alkaloid  was  extracted  by  the  one  extraction. 
This  in  iicates  that  the  amount  of  solvent  necessary  for  complete 
extraction  would  be  less  if  the  solution  was  half  saturated 
before  extraction  than  if  the  solution  was  not  treate  3  with 
salt. 
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PART  II 
QUININE. 

In  determining  the  effect  of  leal  acetate    on  the  extraction 

of  quinine  the  same  general  procedure  was  followed  as  in  Part  I 

except  in  this  case  quinine  sulphate  was  use  I  instead  of  the  pure 

alkaloid.  On  a  dition  of  the  lead  acetate  solution  there  was  a 

small  finely  31 vi  l»d  precipitate  of  leal  sulphate.  This  was  fil- 

tere  I  off,  the  excess  lead  precipitated  with  hydrogen  sulphide, 

filtered,  ani  the  solution  extractei  in  a  similar  manner  to  that 

of  the  caffeine  solution  above.  Extraction  was  carrie  "  on  until 

no  positive  test  for  the  alkaloid  with  Mayer's  reagent  was  ob- 

13 

tained.  This  reagent  was  prepare!  accor  iing  to  Henry      by  dis- 
solving 6.775  grams  of   iry  crystallised  mercuric  chloride  and 
35  grams  of  potassium  iodide  separately  in  water,  mixing  the 
solutions  thus  obtainel,  and  diluting  the  mixture  to  l,0C0cc. 
Determinations  No's  5,  6,  7,  &  8  of  Table  III  and  Table  IV  show 
the  effect  of  salting  out  the  alkaloid  before  the  extraction. 
Table  IV,  simila.r  to  Table  II,  shows  the  effect  of  one  shaking 
for  three  minutes  with  lOcc  of  chloroform.  The  following  tables 
give  the  iata  regar  ling  the   le terminations  male  with  quinine. 
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CONCLUSIONS:     In  calculating  the  percentage  recovered  the  amount 
of  substance  taken  must  be  calculated  in  terms  of  the  compound 
obtaine  1  on  evaporation,  that  is,  anhy  Irous  quinine.  This  is  rlone 
by  multiplying  the  amount  of  sulphate  taken  by  the  factor  0.868, 
the  factor  between  anhy irous  quinine  and  quinine  sulphate. 

As  in  the  case  of  caffeine  there  was  no  noticeable  effect 
of  the  acetate  on  the  determination  of  the  alkaloid.  Those  det- 
erminations in  which  the  solutions  were  half  saturated  again 
showed  hig  er  results  although  no  positive  test  for  chlorides 
could  be  obtained  from  the  alkaloi  3al  resi  lue  in  the  evaporating 
lish.  From  Table  IV  the  effect  of  salting  out  the  alkaloid  before 
extraction  can  toe  seen.  An  average  of  82.4f0  of  the  alkaloid  was 
extracted  by  the  one  extraction  from  the  solutions  which  had 
not  been  half  saturated  while  an  average  of  86.3$  of  the  alkaloid 
was  extracted  from  the  solutions  in  which  the  alkaloi i  had 
been  salted  out  with  NaCl.  This  again  indicates  that  both  time 
and  solvent  is  saved  if  the  alkaloid  is  salte  1  out  previous  to 
extract! on. 
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PART  III 
STRYCHNINE. 

Practically  the  same  proce  ;ure  as  above  was  followed  in 
case  of  strychnine.  The  pure  anhydrous  alkaloi  i  was  use  1.  Table 
VI,  similar  to  Tables  II  &  IV,  give  the  results  of  one  extraction, 
shaking  the  solutions  for  three  minutes  with  lOcc  of  chloroform. 
The  effect  of  salting  out  the  alkaloi 1  was  also  tried  an  i  the 
results  are  given  in  the  tables. 

To  determine  the  effect  of  lea  i  acetate  in  the  assay  of  nux 
vomica  for  the  alkaloids  the  following  proce  lure  was  followed: 
50  grams  of  powdered  nux  vomica  was  macerated  with  500c c  of 
approximately  half  normal  sulphuric  acid.  This  ma  le  a  thick 
slimy  solution  very  difficult  to  filter.  It  was  passed  through 
cheese  cloth,  then  through  cheese  cloth  foiled  once,  then  folded 
twice  and  so  on    an  1  finally  through  filter  paper.  The  residue 
was  again  macerated  with  500cc  of  the  dilute  acid  ani  filterei 
in  a  similar  manner.  The  filtrates  were  united  an  I  the  solution 
heate I  at  about  75  Jegrees  for  30  minutes  to  coagulate  the 
colloi  te,l  material.  The  solution  was  again  filterei  an:  two  port- 
ions of  exactly  300cc  were  measured  into  two  separate  flasks.  To 
one  flask  exactly  0.6C00  grains  pf  pure  strychnine  was  ai'ed. 
50cc  portions  of  the  two    afferent  solutions  were  taken  for 
analysis.  These  were  clarifiei  with  lead  acetate,  the  excels  lead 
precipitate]  with  hydrogen  sulphi  ie,  an.l  the  alkaloids  extracted 
as  in  the  above  let ermi nations.  The  effect  of  salting  out  the 
alkaloids  was  also  tried.     Tables  V,  VI,  &  VII  give  the  results 
of  the  determinations  male  with  strychnine. 
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0.1151 


76.1 
76.5 
75.8 
87.1 
84.3 
84.7 
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15 

tt 

ti 

ti 
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27 

50 

15 

ti 

it 

ii 

alkaloi  i 

ti 

Grams 

a  Ld«d 


5-50cc 
it 

ti 

ii 

n 

tt 

tt 

tt 


0.1000 
0.1000 
C.1000 
0.1000 


SEVEN 

0.0455 
0  053  7 
0.0473 
0.0508 
0.1491 
0.1486 
0.1497 
0.1492 


Average 


0.0492 


0.1491 
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CONCLUSIONS:     Although  the  results  were  not  as  consistent    as  in 
the  previous  tables  the  results  show  that  in  the  case  of  strych- 
nine also  leal  acetate  can  be  used  in  clarifying  the  solution 
without  any  effect  on  the  extraction  of  the  alkaloid.  Table  VI 
shows  the  effect  of  salting  out  the  alkaloid  previous  to  extraction 
with  one  portion  of  solvent  as  in  Tables  II  &  IV.     An  average  of 
76.3$  of  the  alkaloid  was  extracted  from  the  solutions  which 
were  not  half  saturated  while  from  the  solutions  from  which  the 
alkaloid  was  salte  1  out  by  half  saturation  with  pure  NaCl  85.4" 
of  the  alkaloid  was  extracted.     The  difference  due  to  the  salting 
cut  in  this  case  is  9.3$  and  indicates  again  the  possibility  of 
the  use  of  the  salting  out  methoufl  to  facilitate  the  extraction 
of  alkaloids.     In  the  determinations  male  on  the  nux  vomica 
solution  the  results  were  sonsistent  an  i  showe  1    that  on  an  aver- 
age 0.0492  grams  of  alkaloids  were  extracte  I  from  the  solution 
to  which  no  alkaloid  ha  1  been  added.  From  an  equal  amount  of  the 
same  extract  to  which  had  been  added  0.1000  for  every  50cc  of 
solution,  the  average  amount  of  alkaloids  extracte i  was  0.1491, 
the  almost  exact  sum  of  the  0.1000  grams  ailed  and  the  amount 
of  alkaloids  extracted  from  the  solution  to  which  no  alkaloid 
ha i  been  added.  It  was  clearly  shown  in  this  experiment  that  if 
extraction  was  attempt el  on  the  solution  before  clarification 
an  emulsion  resulte  1  on  shaking  with  chloroform  that  could  not 
be  broken  up.  After  clarification  with  leal  acetate  there  was 
only  a  slight  emulsion  between  the  chloroform  an  I  aqueous  layer 
on  shaking  with  the  solvent. 
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PART  IV 
MORPHINE. 

The  same  general  procedure  as  that  used  with  the  above  alk- 
aloids was  followed  in  case  of  racrphine.  The  pure  alkaloid  was 
use  I  in  the  first  eight  determinations,  only  two  of  which,  how- 
ever, gave  satisfactory  results.  In  all  the  remaining   ietermina  - 
tions  morphine  sulphate  U.  S.  P.  VIII  male  by  Merck  &  Co.  was 
used.  After  about  25    eterminations,  all  of  which  gave  unsatisfact 
ory  results,  a  nitrogen  determination  was  made  to  ietermine  the 
purity  of  the  compound  used.  Accor  iing  to  the  U.  S.  P.  VIII 
morphine  sulphate  has  five  molecules  of  water  of  crystallization. 
The  percentage  of  nitrogen  based  on  this  formula  woul  ;  be  3.69. 
The  results  obtainei  from  two   ie terminations  of  nitrogen  by  a 
modification  of  the  Kjeliahl  method  gave  the  percentages  to  be 
4.18  and  4.19.  The  percentage  nitrogen  in  anhydrous  morphine 
sulphate  is  4.18.     The  compound  used  must  therefore  have  been 
the  anhydrous  morphine  sulphate  instead  of  having  the  water  of 
crystallization.  All  the  results  were  recalculate!  and  a  more 
satisfactory  set  of  results  were  obtained. 

As  a  check  on  the  gravimetric  determinations  of  the  alkaloid 
the  alkalcidal  residue  in  the  evaporating  dish  was   dissolved  in 
standard  sulphuric  acid  (  Approximately  tenth  normal)    and  titrat- 
ed back  with  standard  KOH  (Approximately  fiftieth  normal)  using 
cochineal  as  the  indicator.     In  all  cases  examined  in  which  the 
solvent  was  evaporated  in  air  in  an  evaporating  dish  there  was 
an  insoluble  resinous  like  substance  left  in  the   iish  on  solution 
with  the    iilute  acid.  After  titration  the   .Iish  was  carefully 
washed  Gut  with  lis  tilled  water,  dried  and  weighed.    The  resinous 


like  substance  was  insoluble  in  acids,  alkalies,  ani  organic 
solvents  but  btyond  this  time   iid  not  permit  further  examination. 
An  attempt  was  male  to   determine  the  cause  of  the  formation  of 
this  resinous  like  substance  by  evaporating  the  solvent  in  a 
current  of  carbon  iioxi  ie,  generated  by   dropping  commercial  HC1 
on  pure  calcium  carbonate  ani  passing  the  gas  through  copper 
sulphate.  The  results  are  shown  in   determinations  NC's  43,  44,  45, 
&  46  of  Table  VIII.  To  make  sure  that  no  alkaloi  1  was  occluded  or 
in  any  other  manner  carried  down  in  the  leal  sulphate  or  lead 
sulphide  precipitates  these  were  extracted  an;  tested  for  the 
alkaloid  with  Mayer's  reagent  and  the  H^SO^-HNOgtest.  Positive 
results  were  obtained  in  neither  case.     Table  VIII  gives  the 
more  satisfactory  results    obtained  from  the  determinations 
made  on  morphine. 
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CONCLUSIONS:      To  obtain  the  percentages  of  alkaloid  recovered 
gravimetrically  and  volumetrically  the  amount  of  substance  taken 
must  be  recalculated  in  terms  of  the  compound  obtained  at  the 
end  of  the  two  determinations.  The  literature  agrees  that  morphine 
crystallises  from  alcohol  with  one  molecule  of  water  of  crystal- 
lization but  the  temperature  at  which  the  alkaloid  becomes 
anhyiroue  seems  to  vary  with   afferent  authors.  Puckner14,  who 
used  a  mixture  of  chloroform  and  alcohol  as  the  solvent,  let  the 
solvent  evaporate  spontaneously  an:  said  that  crystalline  mor- 
phine with  one  molecule  of  water  of  crystallization  was  obtained 

which  did  not  loose  weight  when  dried  at  SO   Iegrees.  Taylor15  and 
16 

Henry      ,  the  former  using  amyl  alcohol  as  the  solvent,  said 

17 

that  the  alkaloid  becomes  anhydrous  at  ICO  iegrees  C.  Tausch 

claimed  that  the  alkaloid  only  very  slowly  becomes  anhy  Irous  at 

18 

100  iegrees.  Prescott        claims  that  the  crystallised  morphine 
with  one  molecule  of  water  of  crystallization  is  stable  at  100 
iegrees  aril  below  and  that  at  120   iegrees  C.  the  compound  becomes 
anhy irous.  As  a  result  of  several  determinations  using  amyl 
alcohol  as  the  solvent  it  was  found  that  if,  arter  the  solvent 
was  evaporated  at  a  temperature  not  higher  than  40  degrees  C. 
the  evaporating  iish  was  heate  1  for  two  hours  on  the  steam  bath 
at  100  Iegrees  C.     there  was  no  further  loss  on  heating  to  120 
iegrees.  The  compoun  1  obtained  after  heating  for  two  hours  after 
evaporation  of  the  solvent  was  then  consiiereJ.  to  be  anhydrous 
morphine.  Then  to  obtain  the  percentages  of  alkaloid  recovered 
gravimetrically  and  volumetrically  the  amount  of  morphine  sulphate 
must  be  multiplied  by  0.853  before  dividing  the  amount  recovered 
by  the  amount  of  substance  taken.     0.853  is  the  factor  between 


18 

anhydrous  morphine  an  I  anhyirous  morphine  sulphate. 

An  exceptionally  large  number  of   let ermi nations  was  nec- 
essary "before  the  proper  conditions  of  extraction  were  found 
lue  to  the  more  insolubility  of  morphine  in  most  of  the  organic 

solvents.  A  mixture  of  80£>  chloroform  and  20^  alcohol,  as  sug- 
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gestei  by  Puckner     ,  was  usel  in  several  determinations  .  The 
exact  procedure   describe!  by  him  was  followed  but  the  percent- 
age of  alkaloid  recovered  was  not  as  high  as  that  obtained  by  him. 
The  results  show  that  probably  six  extractions  using  30,  SO,  10, 
10,  5,  &  5cc  of  hot  amyl  alcohol  allied  before  the  alkaloid  is 
liberated  with  a  very  slight  excess  of  iilute  ammonium  hydroxide 
and  shaking  the  separatory  funnel  each  time  for  at  least  three 
minutes  is  the  best  procedure.  In  this  case  also  it  is  better 
not  to   iistill  the  excess  solvent.  There  is  some  evi  lence  that 
if  too  high  temperature  is  used  for  evaporation  a  compound  of 

morphine  and  amyl  alcohol  is  formed  that  is  not  readily  decom- 

20  21 

pose  i  at  or  Unary  temperatures     .  Puckner  ~    recommends  spontan- 
eous evaporation  on  account  of  the  formation  of  a  varnish  like 
substance  when  morphine  extracted  with  a  mixture  of  chloroform 
an I  alcohol  is  heated  to  cause  quicker  evaporation.  As  mentioned 
above,  in  all  cases  in  which  the  solvent  was  evaporated  in  air 
a  varnish  or  resinous  like  substance  was  f orme i  and  the  amount 
of  this  substance  formed  varied  with  the  temperature.  In  deter- 
minations No's  32  to  43  the  solvent  was  evaporated  an  I  the  res- 
idue was  dried  at  100  degrees  and  the  resinous  like  substance 
left  averaged  about  7.-5$  of  the  alkaloid  taken.  In  determinations 
No's  43  to. 47  the  solvent  was  evaporated  at  100  degrees  but  in 
a  current  of  carbon  lioxide  and  the  results  show  practically  no 


formation  of  any  resinous  like  substance.  Determinations  No's  47 

to  51  show  that  on  evaporation  of  the  solvent  at  40   legrces  in 

an  evaporating  jish  in  air  there  is  forme d  about  3fo  resinou6 

substance.  Time  ii  I  not  permit  the  investigation  as  to  whether 

this  resinous  like  substance  was  iue  to  the  compound  or  chemicals 

used  or  whether  a  compound  of  the  alkaloid  and  the  solvent  at 

higher  temperatures  was  formed  as  suggested  by  the  two  articles 

referred  to,  undoubtedly  the  latter  has  much  to   lo  with  the 

formation  of  this  substance. 

Aside  from  the  above  discrepancies  the  results  show  that 

the  use  of  leal  acetate  has  no  effect  on  the  extraction  of  mor- 

10 

phine  which  agrees  with  Prescott's      statement  in  reference  to 
the  extraction  of  morphine. 
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GENERAL  CONCLUSIONS. 

I  The  above  results  show  that  lead  acetate  has  no  effect  on 
the  extraction  of  any  of  the  alkaloids  tried  ani  it  may  be  assumed, 
from  this  an;,  from  the  statements  male  at  the  first  of  the  paper 
regarding  the  use  of  leal  acetate  in  the  extraction  of  alkaloids, 
that,  in  general,  leal  acetate  and  leal  sub-acetate  has  no  harm- 
ful effect  on  the  extraction  of  alkaloids. 

II  On  examining  the  tables  one  can  see  that,  in  general,  the 
alkaloids  should  be  freed  with  only  a  slight  excess  of  alkali. 
Many  alkaloids  are  slightly  soluble  in  alkalies,  less  soluble  in 
ammonium  hydroxide  and  for  this  reason  as  well  as  for  another 
mentioned  below,  ammonium  hydroxi  ie  is  generally  the  better 
alkali  to  be  usei,  although  in  some  cases  NaOH  must  be  use:!. 
These  results  agree  very  well  with  Henry's*3^  statements  regard- 
ing the  freeing  of  alkaloids  preparatory  to  extraction. 

III  The  salting  out  of  the  alkaloid  before  extraction  iecreas- 
es  the  amount  of  solvent  ani  time  of  shaking  necessary  for  com- 
plete extraction  of  the  alkaloid,  but  the  amount  of  dirty  color- 
el  emulsion  that  is  always  formed  between  the  solvent  and  the 
aqueous  layers,  to  a  more  or  less  iegree,  is  always  greater 

when  the  salt  is  use  i  to  salt  out  the  alkaloi  i.  This  is  especially 
true  if  the  salt  usei  is  not  absolutely  pure. 

IV  The  emulsion  that  gathers  between  the  solvent  and  aqueous 
la;  er  is  greater  the  larger  excess  of  alkali  used  in  most  cases. 
NaOH  causes  more  of  this  emulsion  than  ammonium  hydroxi  :e.  Also 
the  volume  of  the  emulsion  present  is  greater  with  chloroform 
than  with  amyl  alcohol  or  ether.  The  most  obstinate  emulsion  was 
found  to  be  present  when  the  solution  was  half  saturated  with 


ITaCl,  NaOH  use!  to  liberate  the  alkaloid,  aril  chlorofrom  as  the 
solvent.  A  perfectly  clear  solution  seldom  gives  muoh  of  an 
emulsion  while  a  colored  solution  may  cause  an  emulsion  that  can 
not  be  broken  up.  Lead  acetate  and  lea 3  sub-acetate  are  gool 
clarifying  agents  and  from  the  above  results  these  substances 
may  be  used  to  an  advantage  for  this  purpose  and  at  the  same  time 
not  effect  the  results  in  the  extraction  of  the  alkaloid. 
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